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doi:10.1016/j.jfma.2011.01.002Background/Purpose: Although the incidence of asymptomatic small gastric submucosal
tumors increased gradually with routine medical health examination, there was little clinical
evidence for management consensus in these small gastric submucosal tumors including endo-
scopic ultrasound (EUS)-suspected gastric gastrointestinal stromal tumors (GISTs). We investi-
gated the clinical course of small EUS-suspected gastric GISTs and propose a cutoff value of
tumor size for treatment policy.
Methods: In this retrospective study, 50 patients with EUS-suspected gastric GISTs of sizes less
than 3 cm were enrolled and were followed up by EUS at least twice over a period of more than
24 months (range 24e101 months). An at least 20% increase of the maximal diameter of the
tumors was set as a significant change.
Results: Significant changes in tumor size were found during the follow-up in 14 patients
(28.0%). The one-dimensional 20% change corresponded well to 50% change in two-
dimensional area measurement (correlation coefficientZ 0.929). The receiver operating char-
acteristic curve analysis showed that the best cutoff size, associated with tumor progression,
was 1.4 cm having an 85.7% sensitivity, 86.1% specificity, and 86.0% accuracy. A larger tumorof Internal Medicine, National Taiwan University Hospital, Number 7, Chung-Shan South Road, Taipei,
tw (H.-P. Wang).
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Follow-up of small GISTs 89size (35.7% vs. 2.8%, pZ 0.005) and irregular tumor margin on the EUS (71.4% vs. 0, pZ 0.004)
were two significant factors associated with the progression of tumor growth of small sus-
pected gastric GISTs.
Conclusion: Small EUS-suspected GISTs, larger than 1.4 cm, with irregular margin were associ-
ated with significant progression. This subgroup is suggested to be monitored by more intensive
follow-up.
Copyright ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Gastrointestinal stromal tumors (GISTs) are the most
common submucosal tumors (SMTs) found in the stomach.1
Because clinical symptoms are usually nonspecific, the true
incidence of either gastric GISTs or other gastric SMTs
remains unclear. Most such lesions are incidentally found
during routine endoscopic examination or at autopsy. One
previous study estimated the incidence of gastric SMTs to
be 0.36% by endoscopic diagnosis.2 However, several
studies have suggested an incidence of gastric GISTs
between 10 and 20 cases per million based on surgical and
autopsy specimens.3e5
Endoscopic ultrasound (EUS) has been used for the
evaluation of the SMTs of the stomach with a high accu-
racy.6e13 The typical EUS finding of a gastric GIST is
a hypoechoic lesion arising from the fourth layer of the
gastric wall. The diagnostic accuracy of gastric GISTs by
EUS alone (by experienced endoscopists) is as high as
87%.13e15 Several studies have proposed EUS characteristics
for predicting the malignant potential of GISTs, including
a larger size (more than 3 cm), heterogeneous echoge-
nicity, irregular borders, cystic changes, calcification,
exogastric growth, echogenic foci, lobulation, and
ulceration.11,13,16,17
Surgical intervention is the treatment of choice for
gastric GISTs larger than 2 cm, while conservative follow-up
is suggested for lesions less than 2 cm.18e20 EUS-guided
fine-needle aspiration (EUS-FNA), to exclude a malig-
nancy, was recommended for gastric GISTs of sizes between
2 and 5 cm.21,22 However, little is known about the natural
course of small EUS-suspected gastric GISTs. This makes the
decisions on interventions for smaller gastric GISTs difficult.
The tumor growth potential is an important index of
malignancy.23 The goal of this study was to evaluate the
natural course of small EUS-suspected gastric GISTs less
than 3 cm, a subgroup with consistent EUS features of
GISTs, but usually lacking histological confirmation at initial
diagnosis. The best cutoff size was determined for the
prediction of significant tumor growth. This would provide
clinicians with information needed for appropriate
intervention.
Methods
Study design and population
We retrospectively reviewed patients with a diagnosis of
suspected gastric GISTs by EUS at the National TaiwanUniversity Hospital, Yuan’s General Hospital, and En Chu
Kong Hospital from January 1997 to December 2008.
An EUS-suspected gastric GIST was defined as a hypo-
echoic lesion arising from the fourth layer of the gastric
wall shown on EUS. Written informed consents were
obtained from all patients before EUS studies. Miniprobes
(Olympus UM-2R, 12 MHz or UM-DP12-25R, 12 MHz;
Olympus, Tokyo, Japan) were used for the EUS examina-
tions in this study. All EUS images and video files were
reviewed by three experienced EUS endoscopists (HP Wang,
MS Sun, and CS Yang).
Four criteria were required for study enrollment: (1)
a small tumor size, less than 3 cm, without definite EUS
characteristics of malignancy such as extragastric growth
and lobulation; (2) patients declining surgical intervention
at initial identification of the lesions; (3) EUS follow-up
frequency of at least two times; (4) EUS follow-up period of
more than 24 months.
Study procedures and assessments
All clinical data and EUS characteristics were reviewed for
subsequent analysis. Patients with EUS-suspected GISTs,
less than 3 cm, were enrolled and followed up. The natural
course of tumor growth was evaluated by EUS. We set an
increase of at least 20% in the maximal diameter of the
tumors as progressive disease according to Response Eval-
uation Criteria in Solid Tumors (RECIST) criteria. Patients
were classified as the tumor-progressive subgroup when
a significant change in tumor size was noted or as the
tumor-stationary subgroup when no change was observed.
All two-dimensional (2D) measurements were assessed
using the image processing software ImageJ 1.41e (NIH,
USA).24
This study was conducted in accordance with National
Taiwan University Hospital research protocol, and was
approved by the Human Subjects Research Ethics
Committee of the National Taiwan University Hospital.
Statistical analysis
All statistical analyses were carried out with statistical
software (SPSS version 10.0 for Windows; SPSS, Chicago, IL,
USA). The sensitivity and specificity of various tumor sizes
were analyzed using the receiver operating characteristic
(ROC) curve, and the best cutoff value was determined.
The relationship between the study parameters and the
tumor size were analyzed using the Pearson chi-square test.
Statistical significance was set at the standard 5% level.
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Characteristics of patients and tumors
Fifty patients meeting the criteria for the diagnosis of EUS-
suspected GISTs were enrolled. The average initial tumor
size was 1.1 cm (range 0.4e3.0 cm). The mean EUS follow-
up period was 39.2 months (range 24e101 months). The
mean EUS follow-up frequency was 3.2 (range 2e9 times).
No significant change in echo patterns was observed in 41
patients (82.0%). Seven patients had undergone surgical
resection, and all their tumors proved to be GISTs.
With consideration of tumor progression, significant
change in tumor size was found in 14 patients (28.0%)
during the follow-up. Four of these 14 patients underwent
surgery, while the other 10 patients refused surgery and
were followed up regularly (at least once a year) for an
average of 51.2 months (range 33e101 months). Two of the
four patients undergoing surgery had lesions with high
malignant potential, reflected by mitotic rates of more
than 10 per 50 high-power fields (HPFs).
Demography of the 50 patients and various parameters
of small EUS-suspected GISTs are shown in Table 1. The
average tumor growth rate in this progressive disease groupTable 1 Demography and various parameters of small









&65 29 8 0.149
>65 7 6
Gender
Male 12 7 0.276
Female 24 7
Symptom
Asymptomatic 34 11 0.126
Symptomatic 2 3
Comorbidity
Present 7 1 0.414
Absent 29 13
Initial size (cm)
<2 35 9 0.005
S2 1 5
Location
Cardia to upper body 30 11 0.697
Middle body to antrum 6 3
Echogenicity
Homogeneous 34 11 0.126
Heterogeneous 2 3
Tumor margin
Regular/smooth 36 10 0.004
Irregular 0 4was 17.1% per year, which was significantly higher than 1.0%
per year in the stationary disease group (Fig. 1).
ROC curve evaluation
With the 2 cm cutoff, the lowest limit for resection
currently accepted, tumors of larger sizes would be
significantly associated with tumor progression (35.7% vs.
2.8%, p Z 0.005). Only one case with a tumor size of 2 cm
remained in the stationary size after 39 months of follow-
up. Since there was significant proportion of cases with
a tumor size smaller than 2 cm in the tumor progression
group, we performed an ROC curve analysis to determine
the best cutoff size for the prediction of potential tumor
growth (Fig. 2). We found 1.4 cm to be the best cutoff
tumor size associated with tumor progression, with
a sensitivity of 85.7%, specificity of 86.1%, positive predic-
tive value of 70.6%, negative predictive value of 93.9%, and
an accuracy of 86.0%.
Among the seven patients who underwent operation,
five patients had an initial tumor size larger than 1.4 cm,
and two of them (40%) belonged to the high risk group
(mitosis >10/50 HPFs). The other two patents with initial
tumor size smaller than 1.4 cm belonged to the very low
risk group (mitosis <5/50 HPFs).
Correlation between 1D and 2D evaluation
All EUS lesions were analyzed for 2D assessment with image
processing software ImageJ. The last EUS lesion during
follow-up was compared to the initial EUS lesion (Fig. 3). A
good linear relationship was shown during comparison
between percentage changes of 1D and 2D measurements
(Fig. 4). The 1D 20% change corresponded well toFigure 1 The average tumor growth rate in this progressive
disease group was significantly higher than that in the
stationary disease group.
Figure 2 Receiver operating characteristic curve was plotted with coordinates derived from various cutoff values.
Follow-up of small GISTs 91approximately 50% change in 2D area measurement
(correlation coefficient Z 0.929).
Risk factor analysis
The chi-square test was used to compare the parameters of
patients in the tumor-stationary group with those in the
tumor-progressive group. There were no significant differ-
ences observed with regard to age, gender, symptoms,
comorbidity, tumor location, and EUS echogenicity.Figure 3 The last endoscopic ultrasound (EUS) picture of one
patient during follow-up was compared to the initial EUS lesion
(left upper insert) with aid of ImageJ software for both one-
dimensional (1D) and 2D measurements.Patients in the tumor-progressive group had a higher
proportion of lesions with irregular tumor margin (Fig. 5) on
the EUS compared with patients in the tumor-stationary
group (71.4% vs. 0%, p Z 0.004).
After ROC curve analysis showed 1.4 cm to be the best
cutoff tumor size associated with tumor progression, we
performed the chi-square test again to confirm the associ-
ation of tumor size with tumor growth between smaller and
larger tumors. Larger tumors at least 1.4 cm in size were at
increased risk for tumor growth (70.6% vs. 6.1%, p<0.001)
and symptomatic presentation (23.5% vs. 3.0%, pZ 0.022),
and characterized with irregular tumor margins (23.5% vs.
3.0%, p Z 0.022).Discussion
GISTs are known to be the most common mesenchymal
neoplasm of the gastrointestinal tract. The stomachFigure 4 Good linear relationship was illustrated on
comparing percentage changes of 1D and 2D measurements.
Figure 5 EUS showed a small gastrointestinal stromal tumor
with irregular margin (arrow).
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common sites of GISTs.1,25,26 Despite the success of imati-
nib mesylate in the treatment of advanced GISTs, surgical
resection is still the treatment of choice for patients with
primary GISTs without evidence of metastases. Several risk
factors have been identified for predicting the aggressive
behavior of GISTs. Tumor size and mitotic activity were two
most well-documented factors in the National Institutes of
Health consensus.27 In addition, tumor location plays an
important role.28 Small bowel GISTs has higher progression
rates than gastric GISTs of similar tumor size and mitotic
activity.29
Because the natural course of small GISTs remains
largely unknown, the current management policy for
gastric GISTs less than 2 cm is usually conservative, unless
tumors grow or symptoms occur. EUS-guided FNA for the
determination of malignant potential has been suggested
for gastric GISTs with the size of 2e5 cm.22 The diagnostic
sensitivity, specificity, and accuracy of EUS-FNA have been
reported to be 66.7%, 100%, and 91.7%, respectively.21
However, it would be difficult to use EUS-FNA for all
gastric GISTs less than 2 cm from both technical and cost-
effective points of view.22 It should be noted though that
a more thorough and effective interventional strategy is
needed for small isolated gastric GISTs found incidentally
on endoscopy.
In this study, we evaluated the tumor characteristics of
small gastric GISTs, less than 3 cm, identified by EUS.
Among the 50 cases enrolled in this study, we evaluated the
association of the initial tumor size with tumor progression.
Most cases with a tumor size of at least 2 cm had a signifi-
cant progression of tumor growth. However, the widely
accepted “2 cm criteria” was not adequate for separating
the progressive tumors from the stationary ones in our
study. The ROC curve analysis identified 1.4 cm as the best
predictor of tumor progression with a good sensitivity
(85.7%), specificity (86.1%), and accuracy (86.0%). Further
confirmation of these findings is needed in a largermulticenter cohort. Our results are similar with those found
in the study conducted in Israel, which stated that GISTs
larger than 17 mm at initial diagnosis had potential
enlargement.30 However, our data were specific for GISTs of
the stomach, and our mean initial tumor size (average
11.1 mm) was smaller than that used in the Israel study
(average 20.5 mm). We adopted 1D assessment in this study
for its convenience in clinical practice, and this simplifi-
cation was in accordance with the idea of widely accepted
RECIST guidelines in the evaluation of tumor size.31 We
confirmed this 1D simplification to be as effective as 2D
measurement after linear correlation with image process-
ing software ImageJ.
In this study, we used EUS as the major imaging proce-
dure for monitoring tumor status. The EUS has previously
been identified as the most accurate tool for evaluating
gastric SMTs including GISTs.6e8 Previous studies have
proposed EUS characteristics associated with malignant
GISTs: larger size (more than 3 cm), heterogeneous echo-
genicity, irregular borders, the presence of cystic changes,
calcifications, exogastric growth, echogenic foci, lobula-
tion, and ulceration.11,13,16,17 Our findings were consistent
with these prior results and suggested that irregular tumor
margins were as important as tumor size in predicting
tumor progression in small gastric GISTs. However, we could
not confirm the significance of other EUS patterns between
the progressive and stationary groups of small EUS-
suspected gastric GISTs in our study.
The symptoms on presentation of the gastric GISTs were
usually nonspecific and depended on the size of lesions.
Symptoms associated with mass effects and bleeding were
the most common clinical presentations. One previous
report had estimated that the mean size of a symptomatic
tumor was 6.0 cm compared to the 2.0 cm size of tumors
found incidentally and the 0.5 cm size of those found at
autopsy.3 In one recent study, presentation with symptom
was associated with a poor 5-year disease-free survival (HR
2.5, p Z 0.04).32 In our study, the mean initial tumor size
was 1.1 cm. Symptomatic tumors accounted for only 10.0%
(5/50) of the patients in our series. Four patients had the
symptom of epigastralgia, and only one presented tarry
stool. Our results only showed a nonsignificant trend for
patients with symptomatic presentations to have
a progressive disease process. Further analysis between
tumor size effects and symptom presentation was not
possible because of the small case number in this study.
There are several limitations in this study. First, only
a portion (14%) of the EUS-suspected gastric GIST group had
pathological confirmation. Although previous studies
showed excellent correlation of the EUS features with
gastric CD117-positive GISTs,33 pathological confirmation
with immunohistochemical staining was the gold standard
for a definitive diagnosis. Further studies with the aid of
EUS-FNA may provide additional confirmation. Second, the
resolution of the videotape images for the evaluation of
echo features may not have been sharp enough at times in
this retrospective review. Third, tumor size alone is not
enough to predict aggressive behaviors in GISTs, but it is an
easy and reproducible index in clinical practice. The
current follow-up observation policy for GISTs of sizes less
than 2 cm made other indexes such as mitotic count
interpretation difficult to perform due to the lack of
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size criteria to a reasonable lower limit with a noninvasive
approach. Longer follow-up periods could justify this
refinement. Finally, there was no standard follow-up
program in our study groups.
Conclusion
To sum up, small EUS-suspected GISTs larger than 1.4 cm
and irregular tumor margin were associated with tumor
progression and probably increased malignant potential.
They should be monitored by more intensive follow-up
programs. Further prospective study with longer follow-up
period and EUS-FNA sampling could provide important
information on the natural course of small gastric GISTs and
possible treatment guidelines.
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